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Cloning and Functional Expression of the 
Human Islet GLP-1 Receptor 

Demonstration That Exendin-4 Is an Agonist 
and Exendin-(9-39) an Antagonist of Xhe 
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A complem^ntwy DNA for a glucagonJIke P«Pttf •-J 
rac*ptor was Isolatad from a human pancrMttelslet 
cDNA library. The laolatMl clona encoded a protein 

wtth 90% Identity to the rat ^t^- i^J^usnru* i 
tranafected fibfoblaate. the receptor t>ound ['»QpLP-l 

with high afnnlty iK, = 0-5n">^«"«' ^j.^ 
adenylate cyclase aa detected by a GLP-l-dependent 
increase in cAMP pwx*"*^ j^feo - 93 m-^^ 
peptides from the venom of the lizard HeMerma 
5iSp«*/ni. exendln-4 and exendln-(9-39). displayed 
almllar llgand binding afUnltles to the human GLP-l 
receptor. Wheraaa exendln-4 acted as an •Qonlst of 
thereceptor. Inducing cAMP formation. exendln-(9-39) 
waa an antagonist of the receptor, InMblllng 
GLP-1-lndueed cAMP producdon. Becmise GLP-1 has 
been proposed as a potential agent for treatment of 
NIDDiM. our present data will contribute to the 
characterization of the receptor binding she and the 
development of new agonists of this receptor. Diabetes 
42:1678-82, 1993 




In normal individuals, oral glucose absorption induces 
a greater insulin secretory response than an isogtyce- 
mic intravenous glucose infusion. This greater effec 
of oral glucose results from the secretion of intestinal 
hormones, which, at the level of the pancreatic p-cells. 
potentiate glucose-induced insulin secretion (1 .2). These 
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hormones are thus referred to as glucoincretins. The two 
main glucoincretins characterized so far are GIP and 
GLP-1 (3-5)- GLP-1 is generated in intestinal L-cells by 
a cell-specific proteolytic cleavage of the preprogluca- 
gon molecule (6). This hormone is a glucoincretin in both 
rats and humans (1.3.7). Importantly, the stimulatory 
action of GLP-1 on insulin secretion requires the pres- 
ence of glucose at normal or slightly elevated concentra- 
tion and is mediated by elevation in intracellular cAMP 
(8 9). In addition to its stimulatory effect on secretion, 
GLP-1 also stimulates insulin gene transcription (9). 

In diabetes, the total incretin effect is marl«dly re- 
duced (1). This, however, does not result from a de- 
creased secretion of GLP-1 or of GIP because normal or 
even elevated circulating levels of these hormones have 
been found in NIDDM patients (10-12). Therefore, the 
decreased incretin effect may be caused by a deficient 
action ot these hormones at the p-cell level, either as a 
result ot decreased receptor number or because of 
defects in intracellular signal transduction. However, 
recent studies have shown that infusion of pharmacolog- 
ical doses of GLP-1. but not of GIP. could ameliorate 
postprandial glucose levels b»y stimulating insulin secre- 
tion in diabetic patients (10.13.14). Because GLP-1 in- 
sulinotropic action is glucose dependent, this peptide or 
agonists of its receptor could be used as new antidia- 
betic agents without the risk of inducing hypoglycemia, a 
complication often encountered v»nth the cun-ently used 
antidiabetic sulfonylureas (15). ,„^p„, , d i 

The possible therapeutic use in NIDDM of GLP-1 
receptor agonists stresses the need for the characteriza- 
tion of the human GLP-1 receptor. We report herein the 
characterization by molecular cloning and functional 
expression of a human pancreatic islet's GLP-1 receptor. 
Moreover, we demonstrate that two peptides of related 
stnjcture exendin-4 and exendin-(9-39) (16). are ago- 
nists and antagonists of the receptor, respectively. This 
will help characterize the receptor binding site and may 
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be an important step in the design ot new antidiabetic 
actil^ through the GLP-1 receptor. 



Ctonaao 



Ctom •(»)!) 



IdTA (»ug(ml salmon speim DNA. al 
,^8 h WaSJ^sweredone 4 times lor 20 min ,n 
t^eSf- o^%Sll 42-0. The li«ets were Ihen ex- 

=1^21^ were used to prepare polyA RNA by the 
.23; 1 G^a et al (^). Double-stranded cDNAs 
method ot eonaa ei iu. v^i ^^j^ nd size- 

were prepared from 4 m-O of ^Z^^^^. as de- 

kVHa CA> The ligation reaction was used 'olP^'^'^^y'"? 

as Der the manufacturer's protocol. 

rn q Biochemical. Cleveland. OH using synthetic prim 
Si^'derlS f'^t^e deduced nudeo«de sequence and 

S:%2:;^n S?hL h«3.^-? -Uor. The cDNA 

0.8 mo/ml G418 tcierwiicin. vaii^w ik^ir h in 

MD). I^inated GLP-1 was t)Ound at 4 C f or 1 5-1 8 n ^n 

ooK) saline solulion, 1/sed in OZ ^ guP-i 

r,iTnro»..T.i";airp^n^n^ 
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CDMA e"«»jr^'JHS 2UwM*aoSwu^ 

coding r«9>on: ( ), untr«i«l«*J i»9ww- 

CA) or Bachem (Torrence. CA) except exendin-4 and 

ss«,r:c-«o?oir.^^ 

S'SS^STs'^eSri'SS^i.Sa^swe-etoac.ed 

oKom I iio lor 5 h at 3T<:. Stimulation with peptides ai 
ir^-i^nl^t^ns 0, 100 mM 'O'^^Z 

ji:^roiii^»-s"SH^ 

previously (26). 

^1 l -^r cQQ to frhP translation term nation codon, plus 
r SS 3^n?aS1^e^n. No oine, *nes Ic. .n.s 

^L'S^s"e^!e»ou«. CI- ^';2a2 
1^ and that contains a dinucleotide (CA)1B f^peax. mi^ 
ILSSnVmarbe an intronic sequence that was part of an 

Srer.?SMi?.^ie^^S- 
similar location in the three previously cloned GLF ^ 

receptor cDNAs (18). Therefore, the P^««^/^°^ 2%^^ 
reSat in the 3'- untranslated region may be part of and 
Sffi^l significance, (or the mature receptor mRNA_ 
?h s Tegion of the receptor mRNA is. however, less 
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conserved between human and rat (62% identity) corn- 
s' with the nucleotide sequence of ^^^^"^^^^^ 
(86% identity). Northern blot analysis of islet PO>yA "^A 
irith the cloned cDNA revealed the presence of a major 
2 6-kb transcript and less abundant transcripts of 4.1. 
s'.O. and 6.0 kb (Fig. 3). Hybridization of a Wot containing 
2 ,^9 of polyA RNA from human heart, brain, placenta 
lung liverskeletal muscle, kidney, and pancreas did not 
revek the presence of any hybridizing bands. 

Chinese hamster fibroblasts (CHL ce"s) »^ans ected 
with he receptor cDNA displayed high affinity birring 
Ttes for [^261101^-1(7-36) amide (Fig. 4) with a calcu- 
SS Z of 0.5 nM. AS for the rat receptor (18). binding of 
iSna^d GLP-1 could not be displaced by GlP^secreti^ 
or VIP (not Shown). Binding could be displaced by 70% 
by oxyntomodulin or by the extended form of GLP-l . 
GLP-1 (1-36)amide. but onV when present at a concen- 
tration of 1 ttM (not shown). Interestingly. .I^owevf^ 
exendin-4 and exendin-(9-39) displaced radioiodinated 
GLP-1 binding with ICsoS of 0.5 nM and 1.7 nM. respec- 
tively. These values v»«re not significantly different from 

thalofGU'-l. , 
Coupling of the receptor to adenylate cyclase was 



assessed by measuring cAMP PJ^'^^^ft'^';^^';. 
of fibroblasts stably expressing the ^''i'^^^'^-yifL 
tor to increasing concentrations of • F-Qure 5 sh^ 
a dose-dependent accumulation of cAMP (11- ^ 12-foW 
maximal stimulation over basal. EC50 = 93 P^) "J^ 
sponse to GLP-1 . No 6LP-1 -induced increase in intracel- 
Kr^MP could be detected in cells transfected with 
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291 *a5(n«=»)vt.39±5cpm(/t=6), i»«p««very. 
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the expression vector aJone (not shown), ^s"'® of 
reSeDtor-transfected fibroblasts, but not of nontrans- 
fSS CHL^Hs. to exendin-4 induced the production o 
l?MP S an EC«, of -33 pM (11- to 12-fold maximal 
^r^lS^ef&al). ExeSlin-(9-39) did notinduce 
ITdeteCtable production of cAMP in transfected cells^ 
SnwDrtantly however. exendin-(9-39) was able to dose 
SSSly btock the production of cAMP induced by 
Sl^MfS 6) Exend-.n-{9-39) is therefore an antagonist 
of the cloned human GLP-1 receptor. 



Ssts o7the GLP-1 receptor might be used as anl.d.- 
S agents (11.13.14). The present charactenzat-on o 
aVumi pancreatic islef s GLP-1 receptor .s therefore of 
critical importance for the development of new therape"- 
Sa?entsJndeed. although ^ghty homotogousto Je r^^^ 
receptor (18). the human receptor may display different 
biSKg pro^rties for a putative nonpepf.de agon-sLas 
hS^b^n reined for the human and canine cholecys- 
toWn^T^gSn receptor (27). Furthemiore. v« demojv 
suSe thaTtwo peptides isolated from the venom of me 
lizard Heloderwa suspectum. exend.n-4 andexendin 
(9-39) (16). which show high sequence similarity to 
GLP-1 can bind the cloned human receptor v«ihh>gh 
affinity' uTa previous report (28). GLP-1 ^^^^^J 
diSce e;eSdin.4 and exerxJin-(9-39) from me.r bind- 
sites on pancreatic acini, suggesting that GLP-1 
Suld 5nd to rTeceptor common to these pepUctes. The 
molecular nature of the pancreatic acn. binding site was 



10'« 10'^ 10' 
Exendin-(9-39) (M) 

205 ± 5 (I. = <) V». 4210 * 177 epm (» - 2). »WP«*^- 

not identified. It may have been different from the cloned 
GLP-1 receptor because in humans (this report) and in 
ratr(IB)^ GLP-1 receptor mRNA could be detected by 
Northern Wot analysis of total pancreas RN A. although .t 
Srabundant in Langerhans 
v^ereas exendin-4 acted as an agonist °' f^e re<jptor 
exendin-(9-39) behaved as a perfect antagonist arxJ 
^Tabte to block GLP-1-induced cAMP tomialion. Struc- 

Sen exendin-4 and GLP-1 (28). On the remainder o^ 

SHolecuie. onV 9 . of 22 an;yo acids ^e ^"^^^^^ 
between exendin.4. exendin-(9-39). and GLP-1. This 
Sg^ste that some residues in the COOH-term.nal end 
o" U?ese peptides may be sufficient for binding bu^ ma^ 
agonist properties require the presence of the highty 
conserved 8 amino-terminal residues. „^,i«ntc 
The glucoincretin effect is reduced in d'abetic pa^nte 
probacy because of a defect in binding or signaling by 
These hormones at the p-cell level (10-12). A lack of or 
Se^easS^glucoincretin effect by GLP-1 ^r^V be a cause 
Tn the development of diabetes. The Presently desc .bed 
cDNA may therefore also help us understand the regu- 
Sed expression of this receptor in the development of 
SSteT and the identification of a microsatellite in the 
? S^iansSed region of the cDNA may. if polymorphic 
be used fof genefic studies aimed at linking a defect in 
this gene with development of diabetes. 
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The nucleotide sequence of the cloned receptor has 
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been deposited to GenBank wrth the accession number 
U01104. 
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